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Abstract: Two different myxosporean fish parasites (Myxobolus episquamalis Egusa, Maeno & Sorimachi, 1990 and
Myxobolus ichkeulensis Bahri & Marques, 1996) are reported based on samples found on the scales and gill arches
of flathead mullet (Mugil cephalus) captured from Çamlık Lagoon, located on the northeastern Mediterranean coast
of Turkey. Both parasites were found for the first time on flathead mullet from the Turkish coasts. In addition to the
data concerning spore morphology and the dimensions of both species, new additional taxonomic observations are
presented. Furthermore, asynchronous polar capsule maturation was observed in transmission electron microscope
images of both species.
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Türkiye’den iki Myxobolus Bütschli, 1882
(Myxozoa, Myxosporea, Myxobolidae) türünün yeni kaydı
Özet: Bu çalışmada, Türkiye’nin kuzey doğu Akdeniz kıyısında bulunan Çamlık Lagünü’nden yakalanmış Has Kefal
(Mugil cephalus Linneaeus, 1758)’lerin pul ve solungaç kemerinden örneklenen 2 farklı Myxosporean balık paraziti;
Myxobolus episquamalis Egusa, Maeno & Sorimachi, 1990 ve Myxobolus ichkeulensis Bahri & Marques, 1996’in
bildirimleri yapılmıştır. Parazitlerin ikisi de Türkiye sahillerindeki Has Kefal’lerde ilk kez bulunmuştur. Her 2 türün
morfolojisi ve boyutlarına ilişkin verilerin yanı sıra belirlenen yeni taksonomik özelliklerde birlikte sunulmuştur. Ayrıca,
her 2 türün geçirimli elektron mikroskop görüntülerinden asenkronize polar kapsül gelişimi gösterdiği belirlenmiştir.
Anahtar sözcükler: Myxosporea, Myxobolus episquamalis, Myxobolus ichkeulensis, Mugil cephalus, Türkiye

Introduction
The species classified under the genus Myxobolus
Bütschli, 1882 have been reported from a large
number of fishes living in freshwater and marine
environments. It is the largest genus within the class
Myxosporea in terms of both the number and the
frequency of its species.

Eiras et al. (2005) listed 744 nominal species
of Myxobolus infecting different fish species from
many different geographical regions. Thus far, 26
Myxobolus species have been reported from the fish
of the Mugilidae (Eiras et al., 2007); 22 of these 26
species have been found on different tissues of Mugil
cephalus (Shvedko and Aseev, 2008).
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To date, only 2 species, Myxobolus muelleri
Bütschli, 1882 and Myxobolus exiguus Thelohan,
1895, have been reported from 6 of the 8 Mugilidae
members existing in Turkish seas, including M.
cephalus (Altunel, 1983; Umur et al., 2010). Altunel
(1983) identified the gills, intestine, spleen, and
gall bladder as the infection sites of M. exiguus. All
Myxobolus species were previously classified by
Siau (1978) as M. exiguus, but in this classification,
the infection sites of these parasites were not taken
into consideration. Nevertheless, subsequent studies
showed that the species belonging to the genus
Myxobolus were tissue-specific (Bahri and Marques,
1996; Molnár, 2002; Eiras et al., 2005; Feist and
Longshaw, 2006).
In the present study, 2 species of the genus
Myxobolus Bütschli, 1882 were recorded for the first
time from Turkey. Myxobolus episquamalis Egusa,
Maeno & Sorimachi, 1990 was found on the scales
and Myxobolus ichkeulensis Bahri &Marques, 1996
was sampled from the gill arches of M. cephalus
captured from Çamlık Lagoon in Turkey. Both
parasites were identified based on their spore
dimensions, morphology, and the sites of infection.
Materials and methods
Fifty flathead mullet individuals, ranging from 18.7
to 33.5 cm in total length, were captured from Çamlık
Lagoon (36°44ʹ39.69ʹN, 35°37ʹ55.51ʹE), which is
located on the northeastern Mediterranean coast of
Turkey.
Infected fish were photographed with a Canon
350D digital camera. A few scales with cysts were
removed and photographed under an Olympus SMZ
16 stereo microscope with a digital camera. Cystic
masses were removed separately from the scales and
the gill arches during preparation for the following
examination.
Wet mounts were prepared containing fresh
spores removed from mature plasmodia. Fresh spores
were examined and photographed using an Olympus
BX51 light microscope equipped with a differential
interference contrast attachment and an Olympus
DPI 25 digital camera. Drawings were made of fresh
spores with the aid of a camera lucida. The India
ink method of Lom and Vavra (1961) was used for
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observing the mucus envelope of spores. Fresh spore
samples were stained with Lugol’s iodine to determine
the presence of iodinophilous vacuoles (Wyatt
and Pratt, 1963). Spore dimensions were measured
with the aid of Olympus DP2-BSW software. The
techniques used by Lom and Arthur (1989) and
Lom and Dykova (1992) were applied during the
descriptions and measurements of 40 spores from
cysts on scales and 40 spores from cysts on gill arches.
Data obtained from measurements are presented in
micrometers as the mean value followed by the range
in parentheses, unless otherwise stated. For electron
microscopy, cysts were excised in different sizes and
fixed at 4 °C in 5% (v/v) glutaraldehyde in Millonig’s
phosphate buffer (pH 7.3) for 1 h. Samples were
washed several times with the same buffer, postfixed
in 1% (w/v) OsO4, dehydrated through ethanol series,
and embedded in araldite resin. Ultrathin sections
(300 Å) were stained with uranyl acetate and lead
citrate. Sections were examined with a JEOL JEM1400 transmission electron microscope (TEM) at 6080 kV.
Results
The characteristics and measurements of the cysts
and spores of Myxobolus episquamalis from scales
and Myxobolus ichkeulensis from gill arches are as
follows.
Myxobolus episquamalis found on scales
Cysts
The shapes of the cysts were oval or irregularly
outlined and randomly scattered on the body surface
(Figure 1A). The cysts were whitish in color and
were found on the apical region of the scales. They
measured from 5 to 8 mm in length and 3 to 6 mm in
width (Figure 1B).
Spores
The spores were oval in shape, narrowing to a dull
edge anteriorly (Figure 1C). The spores treated
with Lugol’s iodine had no iodinophilous vacuoles
in their sporoplasm. In the anterior region of each
spore, 2 pyriform and unequal polar capsules were
observed (Figure 1C). Within the polar capsules, 2
different types of polar filament arrangements were
seen during the light microscopic examination of
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the spores (Figure 1C, inset). A thick mucus layer
surrounding the spores was observed in the samples
treated with Indian ink (Figure 1D). The sutural ridge
was visible (Figure 1D), and 5-7 sutural markings
were observed along the sutural edge (Figure 2). In
type-I spores, the axes of the polar filaments coils
were directed toward the anterior. On the contrary,
polar filament axes were intersected posteriorly in
type-II spores. The data on spore morphology and
measurements are presented in the Table.
Transmission electron microscopy
The formation of the polar filaments within the
primary polar capsules (capsular primordium) can

be observed in the TEM image of a developing spore
(Figure 3). Asynchronous capsular development
was identified depending on the size and shape
differences of each of the polar capsules. Additionally,
the formation of spirally arranged filaments was
visible in the posterior region of the small capsule
while it was not visible in the larger capsule. Hence,
the small capsule was in a further stage of polar
filament formation. Moreover, beneath the border
of the capsular primordium, an electron-lucent zone
surrounding the homogenous dense material was
visible. This zone has a distinct appearance in more
advanced stages of polar capsule formation (Desser
et al., 1983).

a

b

c

d

Figure 1. Myxobolus episquamalis: a) randomly scattered cysts of Myxobolus episquamalis on the body
surface of Mugil cephalus; b) cyst of Myxobolus episquamalis located on the distal region of the
scale; c) Myxobolus episquamalis spores with 2 polar capsules (black arrows), with 2 different
compositions of the polar filament arrangement in the inset; d) Indian ink-treated spores of M.
episquamalis showing the thick mucus layer (black arrows), with the sutural edge (white arrow)
also seen.
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b

a

c
5 μm

Figure 2. Line drawings of M. episquamalis: a) frontal view, b) sutural view, c) apical
view.
Table.

Comparative morphology of M. episquamalis and M. ichkeulensis found on M. cephalus. Mean values and range (in parentheses)
are given in micrometers.
Parasite

Locality

Myxobolus episquamalis
from Turkey,
Özak et al.
(present study)
(n = 40)

from Japan,
Egusa et al., 1990
(n = 80)

from Turkey,
Özak et al.
(present study)
(n = 40)

from Tunisia,
Bahri and Marques,
1996 (n = 30)

Çamlık Lagoon

Gokasho Bay

Çamlık Lagoon

Ichkeul Lagoon

Infected organ
Prevalence

Myxobolus ichkeulensis

Apical region of the scales
9 of 50

----

Cyst shape

Oval or irregularly outlined

Spore shape

Oval

Gill arches
12 of 50

18 of 276
Clustered

Round

Quite spherical

Spore length

8.03 (7.68-8.38)

8.6 (7.5-9.5)

13.32 (12.49-14.15)

13.5 (13-14)

Spore width

5.93 (5.63-6.23)

6.8 (6.0-7.5)

12.24 (11.58-12.9)

12.5 (12-13)

Spore thickness

4.95 (4.75-5.15)

5.1 (4.5-5.5)

7.69 (7.24-8.14)

----

Number of polar capsules

2

2

2

2

Polar capsule length

3.97 (3.6-4.34)

4.4 (3.8-5.0)

6.38 (6-6.76)

5.5 (5-6)

Polar capsule width

2.03 (1.78-2.28)

2.2 (2.0-3.0)

4.18 (3.95-4.41)

4.2 (4-4.3)

Polar filament turns

5-6

----

7-8

7-8

Equality of polar capsules
Number of sutural
markings
Mucus envelope

≠

≠

≠

----

5-7

----

8-10

9-11

+

+

+

----

Iodinophilous vacuole

-

+/-

-

-

Intercapsular appendix

-

-

-

-

Symbols: ≠, not equal; ----, not reported; +, exists; -, does not exist.
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Myxobolus ichkeulensis found on gill arches
3

Cysts
The clumps of cysts formed by M. ichkeulensis
were observed along the conjunction line of the gill
filaments and gill arches. It was also recognized that
these cystic masses were located on either side of the
same gill arches (Figures 4A and 4B). It was presumed
that newly emerging cysts were single, circular, and
smaller in the earlier stages of development (Figure
4B). The cysts were white in color and measured
1.8-4.8 mm long and 1.2-2.7 mm wide (Figure 4C).
During the subsequent developmental stages, the size
of each of the individual cysts increases, and when
the cysts increase in size, they combine with other
cysts located along the gill arch. For this reason, they
look like clumps of cysts with an irregular shape.

Figure 3. Developing spore of M. episquamalis. Formation
of the polar filaments (black arrows) in the capsular
primordium (CP). An electron-lucent zone (black
asterisks) can be seen beneath the border of the
capsular primordium. The spore wall (white arrow)
and sporoplasm (S) are also visible. Note the twisted
polar filament formation in the posterior region of the
small capsule.

Spores
Round spores with 2 slightly unequal oval polar
capsules were observed in fresh preparations (Figure

a

c

b

d

e

Figure 4. Cystic masses of Myxobolus ichkeulensis: a) frontal view of the gill arch; b) back side of the gill arch, with newly emerged single
cysts visible along the gill arch (white arrows); c) clump of cysts formed by M. ichkeulensis on the gill arch of M. cephalus, with
general view of the gill arch with cysts in inset; d) spores of M. ichkeulensis infecting the gill arches of M. cephalus; e) mucus
layer surrounding the spores of M. ichkeulensis.
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4D). Spores treated with Indian ink were encircled
with a thick mucus layer (Figure 4E). However,
some small differences and additional taxonomic
characters that were not previously reported in the
description of M. ichkeulensis were also observed
for the first time in this study. These additional
taxonomic characters and differences are as follows:
a) the presence of a thick mucus layer surrounding
the spores (Figure 4E); b) slight differences in the
size of each polar capsule due to asynchronous
maturation of the polar capsules (Figure 5); and c)
the number of sutural markings in spores examined
in this study (8-10), which differed from the numbers
(9-11) reported in the original description of M.
ichkeulensis (Table, Figure 6).
Transmission electron microscopy
In the TEM section of M. ichkeulensis sampled
from the gill arches, more advanced stages of polar
filament formation were observed in the capsular
primordium. One of the polar capsules was smaller
and slightly pyriform in shape. The apical region of
the same polar capsule extended toward the anterior.
Additionally, thick, spirally arranged filaments and
reduced granular matrices were visible in the center.
Contrary to the small capsule, in the second and the
largest capsule, thinner polar filaments were observed
peripherally. In addition, the granular matrix can be
seen in the center of the second capsule, representing
the continuing process of transformation. Hence,
the second capsule is in a relatively earlier stage of
development while the first capsule is in the final
stages of polar filament formation. Maturation

a

b

5

Figure 5. TEM section of a maturing spore of M. ichkeulensis,
including 2 polar capsules (PC) with coiled polar
filaments (white arrows). Sporoplasm (S) can be
seen on the right. Sutural lines (white asterisks) are
apparent on either side of the spore. An electronlucent zone (black asterisks) surrounding the dense
material and polar filaments is noticeable. Note that
the spirally arranged polar filaments seen in the small
capsule are thicker and fill the center of the capsule.
The granular matrix (arrow heads) filling the center of
the large capsule represents the comparatively earlier
stages of polar filament transformation.

of polar capsules in the present M. ichkeulensis is
therefore seen to be asynchronous. As with the TEM
image of M. episquamalis presented in this study, a
distinct layer of an electron-lucent zone was observed
clearly in both polar capsules. The sutural line was
also apparent on either side of the spore (Figures 5
and 6). Approximately half of the spore’s volume was
filled with sporoplasm, which was also detectable
during light microscopy.

c
5 μm

Figure 6. Line drawings of M. ichkeulensis: a) frontal view, b) sutural view, c) apical view.
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Discussion
The genus Myxobolus is primarily characterized by
valve-like ellipsoidal spores with 2 equal valves, a
biconvex form in the sutural view, a straight sutural
edge, 2 pyriform polar capsules, and sporoplasm (Lom
and Dykova, 2006). All of these main structures and
characters defining the genus Myxobolus Bütschli,
1882 were observed in the myxosporean parasites
presented in this study.
M. episquamalis Egusa, Maeno & Sorimachi, 1990
has previously been reported on the scales of M.
cephalus from geographical locations such as Israel,
Japan, Portugal, Australia, Tunisia, Senegal, and the
southern coast of far eastern Russia (Overstreet and
Howse, 1977; Menezes, 1984; Egusa et al., 1990; Bahri
and Marques, 1996; Rothwell et al., 1997; Diamanka
et al., 2008, Shvedko and Aseev, 2008). The same
species has also been reported from Taiwan (Lin and
Ho, 1997) on the apical region of the scales of Borneo
mullets, Liza macrolepis (Smith, 1846).
The spore dimensions of our samples are within
the ranges given by other authors (Egusa et al., 1990;
Bahri and Marques, 1996; Lin and Ho, 1997; Rothwell
et al., 1997; Diamanka et al., 2008). Moreover, small
differences in the size of each polar capsule due to
asynchronous capsular development (Figure 3) were
also observed in the present study, as was seen in some
previous reports (Egusa et al., 1990; Rothwell et al.,
1997). All of the morphological characters reported
in previous descriptions coincide with our results.
The absence of the iodinophilous vacuoles was the
only difference observed between the spore samples
that we examined and those reported in previous
studies. Egusa et al. (1990) observed iodinophilous
vacuoles in less than 10% of the spores they subjected
to Lugol’s iodine. Similarly, Lin and Ho (1997) also
reported the existence of iodinophilous vacuoles
in the spores of M. episquamalis. In contrast, Bahri
and Marques (1996), Rothwell et al. (1997), and
the present authors did not observe iodinophilous
vacuoles in any of the examined spores treated
with Lugol’s iodine. According to Lom and Dykova
(1992), iodinophilous vacuoles, which preserve
polysaccharide in the form of β-glycogen particles,
may disappear within a few days after the spores are
freed from the host. In M. episquamalis, however, the
disappearance process of iodinophilous vacuoles may

take place over a shorter period of time. It is possible
then that the contradictory reports on the existence
of iodinophilous vacuoles in M. episquamalis may
be explained by the length of time required for the
disappearance process. The structures and polar
filament formation observed in the TEM image of
M. episquamalis (Figure 3) closely resembles that
described for other myxosporean species (Desser
and Peterson, 1978; Desser et al., 1983; AlvarezPellitero et al., 2002; Casal et al., 2002; Abdel-Ghaffar
et al., 2005; Ali et al., 2007; Abdel-Ghaffar et al.,
2008, 2009). Consistencies within our observations
and measurements confirm that the myxosporean
parasite that we found on the scales of M. cephalus
is clearly identifiable as M. episquamalis, which was
previously described by Egusa et al. (1990) (Table).
The second myxosporean parasite that we found
on the gill arches of M. cephalus from Turkey
shows similarities in shape or in morphometry to
M. ichkeulensis, previously described by Bahri and
Marques (1996) (Table). Together with the above
results, additional characteristics and measurements
of the spores given in the Table reveal that the
myxosporean parasite that we found on the gill arches
of M. cephalus is clearly identifiable as M. ichkeulensis,
as described by Bahri and Marques (1996).
In the previous description of M. ichkeulensis,
the infection sites of the species were identified as 2
different parts of the gills, the base of the filaments and
the gill arches (Bahri and Marques, 1996). However,
depending on the classification of the infection sites
of myxosporeans in the gills (Molnár, 2002) and our
own observations, newly emerged, small, single cysts
of M. ichkeulensis reveal a basifilamental type of
plasmodial development (Figure 4B).
Presumably, as the cysts colonize, they enlarge
and cover the cartilaginous matrix of the gill arch
together with the base of filaments (Figures 4B and
4C). The clumps of cysts thus appear as if they are
infecting the gill arch; this makes consideration
of the location of newly emerging cysts important
for determining the exact site of M. ichkeulensis
infection. According to our knowledge, Myxobolus
basilamellaris, described by Lom and Molnár (1983),
is the only species featuring a basifilamental type
of plasmodial development. Spore dimensions,
including the size of polar capsules, are noticeably
smaller in M. basilamellaris than in the species
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examined in our study. In addition, the number of
polar filament coils is lower (5-6) than in our species
(7-8). Cyst size (0.6-0.9 mm) is also smaller than
the cyst size determined in our research (1.8-4.8 ×
1.2-2.7 mm). As in findings on M. episquamalis, M.
ichkeulensis also has slightly unequal polar capsules
due to the asynchronous maturation of the polar
capsules observed in the TEM image (Figure 5).
As previously indicated, M. exiguus Thelohan,
1895 and M. muelleri Bütschli, 1882 are the only 2
Myxobolus species reported on M. cephalus from
Turkey so far (Altunel, 1983; Umur et al., 2010).
Of these 2 previous reports, only M. muelleri was
described in detail (Umur et al., 2010). Contrary to
that description, however, the shape, location, and
size of the spores and cysts of M. muelleri were found
to be different from the samples examined in this
study. Although M. episquamalis has been considered
a junior synonym of M. exiguus (Lom and Dykova,
1992), the site of infection and the spore dimensions
were different.

The results obtained from the present study reveal
that both myxosporean parasites M. episquamalis
and M. ichkeulensis, found on the scales and the
base of gill filaments of M. cephalus from the
Mediterranean coasts, are new records for Turkey.
The species described in this study, together with
those from previous accounts, bring the total number
of Myxobolus species reported on Mugil cephalus
in Turkish seas to 4: Myxobolus muelleri Bütschli,
1882; Myxobolus exiguus Thelohan, 1895; Myxobolus
episquamalis Egusa, Maeno & Sorimachi, 1990; and
Myxobolus ichkeulensis Bahri & Marques, 1996.
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